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ABSTRACT 
When the remaining crown structure is weak and insufficient to hold the core 
materials , a post cemented into a root canal may be the method of choice to withhold a core 
build up. Debonding is one of the most common complications associated with fiber posts 
cemented inside a root canal. Objective: Find the proper surface treatments of fiber posts 
that will enhance bonding to resin cements. Methods: In this study we utilized one stainless 
steel post PP (ParaPost XP , Coltene /Whaledent); one modified glass ionomer cement FJ (Fuji 
I CEM , GC America); two fiber post systems: RX (Rel y X Fiber Post , 3M ESPE) and UC 
(UniCore Post , Ultradent) ; and two resin cement systems: RU (RelyX Unicem 2 Clicker , 3M 
ESPE) and PC (ParaCore , Coltene /Whaledent). In the first part of the study , sixty samples of 
untreated dowels ( control) were divided into 6 groups according to the bonded po st/cement 
systems (n=I0): (PP /FJ) , (PP /PC) , (RX/RU) , (RX /PC) , (UC /PC) , and (UC /RU). In the 
second pmi of the experiment , 240 fiber posts were divided according to the bonded 
po st/cement systems (n=60): (RX/RU) , (RX /PC) , (UC/PC) , and (UC /RU). Before 
cementation , the fiber posts in each group received one of 6 treatments (n= I0): silane , 
hydrogen peroxide/silane , hydrofluoric acid /silane , dimethyl sulfoxide /silane , 
sandblasting /silane , tribochemical coating /silane. Silane application was for 60s. 
V 
Sandblasting and tribochemical coating involved blasting rotating posts with 25µm 
AbO 3 and 30µm silica-modified AbO 3 (CoJet , 3M ESPE) , respectively , from a nozzle 
positioned at 1-mm distance and moving at a rate of 0.18 mm/s. In one group , posts were 
immersed in 35% liquid H2O2 for 5 minutes. When dimethyl sulfoxide (DMSO) was used , 
the posts were submerged in DMSO for 5 minutes. For Hydrofluoric acid treatment , a 9% 
hydrofluoric acid (HF A) gel was applied on the post surface for 60s. Specimens were 
prepared for pull testing by cementing the parallel coronal side of the post 3-mm deep into a 
coupling nut to form the test side. The tapered apical side was cemented 9-mm into the 
coupling nut to form a grip. After 24h , the pull-out test was done in a universal testing 
machine at a crosshead speed of l .0mm/min. The maximum force at debonding was recorded 
and bond strength was calculated in MPa. Data were analyzed with Turkey ' s HSD multiple 
comparison test (p:'.S0.05) . Results: The type of fiber post showed influence on the post-
cement bond strength after chemical treatment by H2O2, HF A, and DMSO. The type of resin 
cement did not affect the interfacial bonding after surface treatments . The observed mean 
interfacial bond strength is presented in the results table. 
Vl 
Different superscripts indicate significant difference. 
Pretreatment Mean Bond Strength (MPa) ± SD 
Untreated 16.61±3.6} E 
Silane 20.62 ± 2.79° 
Hydrogen Peroxide /Silane 22.92 ± 3_45CD 
Hydrofluoric Acid/Si lane 23.96 ± 3.95c 
Dimethyl Sulfoxide /Silane 24.77± 3.69BC 
Sandblasting/Silane 26.55 ± 4.048 
Tribochemical Coating/Silane 31.36 ± 3.66A 
Conclusions: Surface treatments of fiber posts increased the interfacial bond strength 
between fiber posts and resin cements in the following order: tribochemical coating /s ilane > 
sandblasting/silane ~ dimethyl sulfoxide/silane ~ hydrofluoric acid/silane > hydrogen 
peroxide /silane ~ silane > untreated. 
Vll 
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INTRODUCTION 
1 
Teeth with extensively damaged crowns that once had guarded restorative prognosis 
are now savable with more reliable treatments due to advancements in endodontics and 
prosthodontics rehabilitation. Teeth may require endodontic treatment when the pulp 
becomes infected or inflamed due to deep caries, large or multiple restorations, and/or trauma 
(Abou-Rass, 1982). After completing endodontic treatment, coronal restoration is performed 
not only for functional and esthetic purposes, but also (and more importantly) to establish a 
coronal seal. A hermetic seal between the restorative materials and tooth structure should be 
established in every component of the restoration of endodontically treated tooth. This 
includes root canal fillings, post and core restorations and crown. The rationale of this fluid 
tight seal in the restorative process is to prevent contamination of the root canal with 
microorganisms. Bacteria are known to be a causative factor of developing pulpal and 
periapical disease (Kakehashi et al., 1965; Moller et al., 1981), and if microbes are able to 
leak into the root canal after completing the coronal restoration, then this will result in 
endodontic failure and the development of periradicular disease (Vire, 1991). In fact, Ray 
and Trope (Ray and Trope, 1995) observed up to a three folds increase in the success of 
endodontic treatment in teeth with proper coronal restoration and less than ideal root canal 
treatment, compared to good root canal treatment with inadequate post-endodontic 
restoration. 
After completing an endodontic treatment of a tooth, the crown may suffer a loss of 
structural integrity; therefore, it is critical to properly rehabilitate the compromised tooth. 
Adequate tooth restoration will ensure its longevity and prevent catastrophic complications 
that may lead to the extraction of the involved tooth (Khaled Al-Omiri et al., 20 l 0). In many 
instances the restoration process of endodontical ly treated teeth will require full crown 
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coverage; however, the remaining coronal tooth structure may be weak and insufficient to 
retain the coronal restoration by itself. These situations will require a dowel fixation inside 
the root canal to provide retention for building up a coronal core for crown restoration (Dean 
et al., 1998; Schwartz and Robbins, 2004). Previous reports have investigated many 
combinations of post-core-crown materials and designs to find the best restoration situations 
that minimize complications and increase durability (Tian et al., 2012). A popular approach 
of restoration is to bond a fiber post with resin cement in the root canal and build up a resin 
composite to retain a prosthetic crown. Nonetheless, debonding is one of the most common 
complications associated with fiber posts cementation (Cagidiaco et al., 2008; Dietschi et al., 
2008; Rasimick et al., 2010). 
,.., 
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REVIEW OF THE LITERATURE 
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Post Types 
Prefabricated and cast dental posts that are made of metal have been used for decades. 
Prefabricated metal posts have been widely used because they are strong; thus, a smaller post 
can be used with minimal removal of valuable root dentin. Moreover, prefabricated posts 
require one visit to fabricate (AAE, 2004). When retreatment of a root canal is indicated, 
metal posts can be relatively easily and safely removed (Abbott, 2002; Schwartz and 
Robbins, 2004). Unlike prefabricated posts, cast metal posts are time consuming and demand 
multiple visits . Also, cast posts require laboratory procedures and expenses. The fact that 
_/ 
temporization is required between the visits of fabricating a cast post may increase the 
chance of contamination of the root canal system (AAE, 2004). Moreover, rigid posts were 
found to increase interfacial stress build up leading to gab formation between the dentin-post 
or dentin-core interfaces (Dietschi et al., 2008). This situation will compromise the coronal 
seal and may lead to micro-leakage and endodontic failure. Metal posts have a modulus of 
elasticity of nearly 200 GP, which is approximately 10 times greater than that of natural 
dentin. Thus, the difference in modulus of elasticity between metal posts and dentin may lead 
to stress build up in the dentin, especially at the apical level. This stress concentration may 
lead to crack initiation followed by vertical root fracture. Such a catastrophic form of failure 
is clinically untreatable (Dietschi et al., 2008; Garacci and Ferrari, 2011; Lamichhane et al., 
2014 ). Corrosion and interference with MRI imaging poses additional problems when using 
metallic alloy posts (Al-Harbi, 2000). 
The demand for cosmetic posts has led to the introduction of several tooth-colored 
posts. Nowadays available esthetic posts are zirconia posts, polyethylene fiber reinforced 
posts, carbon fiber reinforced epoxy resin posts, and glass or quartz fiber reinforced epoxy or 
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methacrylate resin posts (Goracci and Ferrari, 2011). Fiber reinforced composite posts are 
made by impregnating pre-stretched fibers into a resin matrix. Theses fibers could be made 
of carbon, glass/silica, or quartz. The resin matrix is made of methacrylate (Bis-GMA), 
epoxy, or more lately polyimide (Lamichhane et al., 2014). Fiber reinforced composite resin 
(FRC) posts have gained popularity since they were first introduced in 1990 by Duret and 
Renaud (Al-Harbi, 2000; Duret et al., 1990; Lamichhane et al., 2014) because of their 
desirable esthetic features. By simulating a natural tooth color, FRC posts are the dowels of 
choice when all-ceramic restorations are used for anterior teeth (Carossa et al., 2001; 
Cormier et al., 2001; Zalkind and Hochman, 1998). Also, the average elastic modulus of 
fiber reinforced composite is 20-30 GPa. This similar stiffness between PRC posts and 
radicular dentin allow the post to mimic dentin flexure under stress; thereby, providing a 
better stress distribution along the root and reducing stress at the post/cement interface (Al-
Harbi, 2000; Goracci and Ferrari, 2011; Khaled Al-Omiri et al., 2010; Santos et al., 2010). 
This physical feature lowers the rate of a dramatic root fracture, and if a FRC post fails, it 
will likely be in the form of debonding (Dean et al., 1998; Dietschi et al., 2008; Goracci and 
Ferrari, 2011). It has also been observed that when teeth restored with FRC posts fracture, the 
fracture failure takes place in the post rather than the tooth structure. Therefore, these modes 
of failures are treatable and provide favorable situations to save the affected tooth (Bitter and 
Kielbassa, 2007; Goracci and Ferrari, 2011; Mannocci et al., 1999; Martinez-Insua et al., 
1998; Santos-Filho et al., 2014). Ferrule effect is mandatory to improve tooth biomechanical 
behavior and optimize stress distribution when a dowel is used (Dietschi et al., 2008; Goracci 
and Ferrari, 2011; Salameh, 2008). Because of the treatable fracture patterns observed with 
FRC post restored teeth, a bonded FRC post is the rehabilitation of choice when a ferrule is 
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absent (Santos-Filho et al., 2014; Saupe et al., 1996; Schwartz and Robbins, 2004). Salameh 
et al. found that core retention with a FRC post, in comparison to composite build up only, 
has provided a better support to a zirconia crown, increasing failure load and yielding 
favorable failure (Salameh et al., 2008). Few published articles have shown that FRC posts 
reinforced root dentin when used with resin cements (AAE, 2004 ). On the other hand, some 
researchers found no evidence that FRC dowels reinforced the surrounding root tissue 
(Dietschi et al., 2008; Goracci and Ferrari, 2011). 
Extraction of a fiber post from a root canal, to perform endodontic retreatment, 1s 
feasible using ultrasonic or rotary instruments ( de Rijk, 2000; Frazer et al., 2008; Gesi et al., 
2003; Schwartz and Robbins, 2004). Properties of fiber posts, such as high tensile strength, 
low electric conductivity, ease of removal, and resistance to solubility and biochemical 
degradation, added more approvals of the application of FRC posts in restorative dentistry 
(Lamichhane et al., 2014). Nevertheless, clinicians should be cautious when handling FRC 
posts because of the their complex and sensitive cementation techniques (Naumann et al., 
2012). 
Post Retention And Cement Types 
The retentive capacity of a post is of prime importance for the stability of core build 
up; therefore, the success of a definitive coronal restoration depends on retention of the post 
(Al-Harbi, 2000). The luting medium and cementation strategy are directly related to the 
success of post retention (Hochman et al., 2003). Posts can be retained inside the root canal 
using different classes of luting cements. Nowadays commonly available dental luting agents 
are zinc phosphate cement, modified glass ionomer cement, etch and rinse resin cement, self-
priming resin cement, and self-adhesive resin cement. 
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Some researchers indicated that resin-based cements might result in better retention 
of FRC posts in root canals than conventional non-resin cements (Al-harbi and Nathanson, 
2003; Nathanson et al., 1993). This may be attributed to the ability of resin based luting 
agents to adhesively bond to a surface and form micromechanical retention (Mendoza et al., 
1997; Sahafi et al., 2005). Moreover , resin cements may have better strength than other types 
of luting agents (Cohen et al., 1992; Nissan et al. , 2001; Sahafi et al., 2015). Schwartz et al. 
(Schwartz and Robbins , 2004) suggested that resin cements can bond to some types of posts; 
thus , theoretically dentin/ resin/post can form one unit via resin adhesion. It has been reported 
that bonded dowels can reinforce a root initially; however, under repeated functional load, 
the bond to dentin may weakens (Schwartz and Robbins, 2004 ). De bonding of a post is the 
most common complication that results in failure of a coronal restoration and underlying 
endodontic treatment. The apical region of the root canal is the most challenging area for 
bonding due to difficult visibility and moisture control (Cuadros-Sanchez et al.; Hayashi and 
Ebisu, 2008). 
Loosening of a post maybe attributed to a weak or failed bond between the dentin-
cement interface , or the cement-post interface, or both. In 2012 Tian et al. (Tian et al., 2012) 
cemented ParaPost Taper Lux (Coltene /Whaledent Inc., Cuyahoga Falls, OH, USA) fiber 
posts to the root canal of extracted teeth with either ParaCore (Coltene /Whaledent Inc. , 
Cuyahoga Falls, OH, USA), RelyX Unicem, or RelyX ARC (3M/ ESPE, Saint Paul , MN , 
USA) cement. Then, they performed pull-out test of the posts until complete debonding of 
the post from the root canal space. In the final step they viewed the extracted posts and root 
surface under scanning electron microscope (SEM). Tian and co-researchers concluded that 
the two-step adhesive cement ParaCore was more retentive to root dentin than self-adhesive 
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systems, RelyX Unicem and RelyX ARC (3M/ ESPE, Saint Paul, MN, USA). Nonetheless, 
ParaCore cement showed no remaining residue on the FRC post surface. On the contrary , 
RelyX Unicem and RelyX ARC demonstrated predominant failure at the cement-dentin 
boundary while a significant volume of cement residue was still attached to the fiber post 
surface. Tian et al. concluded that the interfacial fracture pattern (post-cement or cement-
dentin) depends on the type of bonding system used. 
Polymerization shrinkage plays an important role in bonding dowels inside root canal. 
The long narrow geometric nature of a root canal with subsequent high intra-radicular C-
factor, around 200, provide s an unfavorable condition for relieving the polymerization 
shrinkage stress of resin luting agents. This shrinkage stress may lead to loss of intimate 
adhesion of the luting resin to the post or dentin inside the root canal during the cementation 
process and form gaps. (Anchieta et al., 2012; Bouillaguet et al., 2003; Reis et al., 2011). 
In their review of the literature and meta-analysis , Sarkis-Onofre et al. (Sarkis-Onofre 
et al., 2013) concluded that in-vitro studies seem to favor the use of self adhesive resin 
cement for bonding glass fiber posts to dentin , over the use of conventional resin cement with 
etch and rinse or self-etching adhesives. Self-adhesive cements are created from filled 
polymers that are made to directly bond to tooth structure without the necessities of distinct 
etchant or adhesive steps (Ferracane et al., 2011). It has been reported that RelyX Unicem 
(3M/ ESPE, Saint Paul , MN , USA) is the most readily utilized self-adhesive resin cement. 
The main advantage of this class of resin cement seems to be the ease of application 
(Ferracane et al., 2011 ; Sarkis-Onofre et al., 2013). The concept of RelyX Unicem is to 
provide a merged adhesive and cement in one single application; thus, preconditioning of 
both restoration and tooth are not needed. According to the manufacturer, a micromechanical 
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bond between RelyX Unicem and the tooth structure will form when the acid monomer 
demineralizes the tooth substrate. Chemical adhesion to hydroxyapatite is claimed to provide 
an additional retentive force for RelyX Unicem to the bonded tooth surface (Graiff et al. , 
2014). The resin matrix of RelyX Unicem is created from methacrylate phosphoric ester, 
dimethacrylate (bis-GMA /TEDMA), acetate , stabilizer , and initiator. The filler components 
form 72% wt. from the following materials: glass, silica , Ca(OH) 2, pigment , substituted 
pyrimide , and peroxy compound (Bitter et al., 2007; Ferracane et al., 2011 ). 
ParaCore dual cure core material (Coltene /Whaledent, Cuyahoga Falls, OH, USA) is 
made to be a universal core and cement material. ParaCore is made of methacrylate resin 
base and 67% wt . of filler composed of the following: fluoride , barium glass, and amorphous 
silica (0.1 µm) (Rajkumar et al., 2012). 
Bonding Interfaces 
When dowels are fixed inside a root canal space using luting agent, two boundarie s 
will form. One interface is created between the post and the cement , and a second interface is 
formed between the cement and root dentin. The surface area of the luting cement adhering 
to root dentin is much larger than the contact area of the cement bonding to the dowel; up to 
60% according to Lorenzoni (Lorenzoni et al., 2013). Hence, the resin-post adhesive 
interface may be less resistant to debonding than the resin-dentin boundary. 
Dentin conditioning and the utilization of adhesive agents are a common practice 
before bonding posts to root dentin. Thus , if a smear layer was not removed , a weaker bond 
at the resin-dentin interface may be anticipated; however in these situations the retention of 
the post is dependent on friction (Bouillaguet et al., 2003; Goldman et al., 1984; Garacci et 
al., 2005a). Additionally , the type of resin luting agent and the dentin surface area affects 
bonding to dentin (Sahafi et al., 2015). Cement mixing method may play a role in the 
integrity of the cement layer. Lorenzoni et al(Lorenzoni et al., 2013) used micro CT 
examination of extracted teeth with post restoration to evaluate the cement layer. They 
attributed the presence of voids within the cement layer to the manual mixing method of the 
cement , and large space between the post and dentin. 
Under mastication forces , the transfer of occlusal load to the post may lead to 
debonding of the post from the root; this is especially true with rigid posts (Drummond and 
Bapna , 2003; Lamichhane et al., 2014). A finite element analysis of fiber posts cemented 
with resin luting agent found that stress tend to intensify at the post cement interface and the 
cement (De Santis et al., 2000; Dietschi et al., 2008). Several reports have indicated that the 
post cement interface is weaker than the dentin-cement interface; this was attributed to the 
higher tensile and shears stress at the post-cement interface under occlusal forces (Prisco et 
al., 2003 ; Santos et al., 20 l 0). 
Surface Modifications 
Surface modification of a substrate is a common practice in dentistry to enhance its 
bonding features. This can be achieved by treating the surface of interest with agents that are 
capable of creating favorable micromechanical topography, and chemical characteristics on 
the surface. Thus, applied adhesive material will come into intimate contact with the 
modified surface by chemical adhesion or deeper penetration and attachment into the surface 
microstructure (Costa Dantas et al., 2012; Graiff et al., 2014). Surface modification of FRC 
posts may enhance the interaction between resin adhesive cements and the dowel surface. 
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Thus, the aim is to facilitate molecular attraction between the resin cement and the fiber 
post's resin matrix and/or fibers. 
More recently Sahafi et al. (Sahafi et al., 2015) showed additional potential benefits 
of surface treatments of posts by minimizing the effect of film thickness on bonding 
integrity. Sahafi et al. evaluated the interaction between surface treatment of zirconia posts 
(CosmoPost, Ivoclar Vivadent , Schaan, Liechtenstein, Germany), film thickness of resin 
cement Panavia F2.0 (Kuraray, Okayama, Japan), and post retention inside the root canal. To 
perform the study they de-coronated extracted teeth and prepared the root canals for post 
insertion. Then they divided the zirconia posts into two groups; one group remained 
untreated and the second group was treated with tribochemical coating at 3 bars for 15 
seconds using CoJet silica coated aluminum oxide (3M/ ESPE, Saint Paul, MN, USA) 
followed by silane conditioning. Five millimeters of the parallel side of the posts were then 
cemented in prepared root canals and pull-out tests were performed. Sahafi and his research 
team found that surface treatment of the zirconia posts with tribochemical coating 
significantly enhanced the retention of the posts. Also, increased film thickness of the luting 
resin agent did not affect the retention of silica-coated posts. Quite the reverse, untreated 
posts retention was significantly reduced with increased film thickness. 
Silane primers have been used in dentistry since the introduction of glass-reinforced 
resin based materials (Graiff et al., 2014 ). There are conflicting data of the value of post 
silanization in providing a better bond to resin cement (Garacci and Ferrari, 2011). Kim et al. 
in 2013 conducted micro-shear tests using RelyX Unicem cylinders ( 3M ESPE, St Paul, 
MN, USA) bonded to silanized and unsilanized fiber post surfaces. They discovered that 
silanization did not enhance post-cement bond. However, when bonded samples were 
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thermo-cycled 5,000 times between 5° C and 55° C, they observed that the silanized group 
had statistically higher micro-shear bond strengths that the unsilanized group. 
Radovic et al. (Radovic et al., 2007) applied Monobond S silane (Ivoclar Vivadent) to 
glass fiber posts (GC Posts) and then compared the bond strength of silanized and 
unsilanized fiber posts to resin composite using micro-tensile test. Their results indicated that 
salinization did not significantly improve the post-composite bond strength. 
One of the main benefits of applying silane to fiber posts surface is the ability of 
silane to enhance surface wettability. This improved surface characteristic of posts provides a 
better contact between silanized posts and applied bonding materials (Garacci et al., 2007a). 
• Costa Dantas et al. (Costa Dantas et al., 2012) measured contact angles of water and RelyX 
Unicem resin cement on silanized fiber epoxy resin posts. They observed a significant 
improvement in the wettability of water. However, Costa Dantas et al. found that the 
increase in the Rely X Unicem wettability was not significant when compared to untreated 
posts. In the same study, Costa Dantas et al. treated fiber posts (FGM, Santa Gatarina, Brazil) 
with silane for 60 seconds. After that, posts were cemented with dual-cured resin cement in a 
composite resin matrix, and then the composite core was sectioned to make a 2.5 mm slab. 
Finally, they subjected the posts to push-out test. In their results, Costa Dantas et al. stated 
that there were no differences in the bond strength values of silanized and control groups. 
A suggested method of surface alteration of FRC dowels is etching the fiber post 
surface with hydrogen peroxide (H20 2). Monticelli et al. (Monticelli et al., 2006) explained 
that the mechanism of conditioning a fiber post with H20 2 depends on its capacity to partially 
dissolve the resin matrix of the fiber post, breaking epoxy resin bonds through a mechanism 
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of substrate oxidation; hence more exposed fibers surface will be available for bonding. 
Subsequently, silane application will chemically interconnect with the hydroxyl rich glass 
fibers and the resins cements (Garacci et al., 2005b; Garacci et al., 2007b ). 
Vano et al. (Vano et al., 2006) in 2006 used micro-tensile test to investigate the effect 
of fiber post immersion in 24% hydrogen peroxide for 10 minutes or l 0% hydrogen peroxide 
for 20 minutes followed by silane application for 60 seconds on the interfacial bond strength 
between fiber posts and resin core materials. They observed that the two variants of hydrogen 
peroxide treatments modified the surface morphology of fiber posts and significantly 
increased the bond strength between fiber posts and core materials. 
In 2011 de Sousa Menezes et al. (de Sousa Menezes et al., 2011) evaluated the 
influence of fiber post conditioning with 24% or 50% concentrations of hydrogen peroxide 
for 1, 5, or l O minutes on the bond strength between glass fiber post and resin composite. 
They tested the bond strength by applying tensile forces until the specimen fractured. de 
Sousa Menezes et al. found that, irrespective of the application time, immersion of fiber posts 
in either 24% or 50% hydrogen peroxide resulted in an increase of bond strength of resin to 
posts. 
Kim et al. (Kim et al., 2013) in 2013 utilized micro-shear test to examine bond 
strength between D.T. Light quartz fiber post treated with 24 % hydrogen peroxide for 10 
minutes, and resin composite cylinders. In their discussion, Kim et al. stated that there was 
no apparent effect of hydrogen peroxide etching on the bond strength. 
Etching with hydrofluoric acid tends to target the glass components of the fiber post. 
In their aforementioned micro-tensile analysis, Vano et al. (Vano et al., 2006) investigated 
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the influence of fiber post etching with 4% hydrofluoric acid for 60 seconds followed by 
silanization for 60s before bonding to resin composite. They identified hydrofluoric acid as 
an effective method for enhancing interfacial bonding between fiber posts and composite 
resm. 
Valandro et al. (Valandro et al. , 2006) subjected quartz fiber reinforced composite 
posts (Light-Post) to 10% hydrofluoric acid for l minute then brushed the post surface with 
silane. After conditioning the post, they cemented micro-cylinders of resin luting agent to 
the post surface and subjected the adhering cement to micro-tensile forces. Valandro et al. 
observed that the micro-tensile forces required to break the adhering resin cylinders from the 
conditioned posts were significantly high in comparison to untreated posts . Moreover , their 
visual analysis of treated posts after the micro-tensile test revealed damages to the fibers 
component of the posts as a result of stronger interfacial bonding. 
Costa Dantas et al. (Costa Dantas et al. , 2012) in their previously mentioned push-out 
test also evaluated the effect of fiber posts treatment with 4% hydrofluoric acid for 60 
seconds on the push-out forces. Before testing, some posts were conditioned with silane. 
Costa Dantas et al. discovered that the hydrofluoric acid treatment of fiber posts with and 
without silane application did not increase the bond strength values of bonded posts. 
Additionally, they stated in their discussion that there were no observed topographic changes 
on the fiber posts after hydrofluoric acid treatment. 
Sandblasting will physically strike and damage the fibers and resin components of a 
fiber post to roughen the surface and form favorable bonding surface for luting agents. 
Radovic et al. (Radovic et al., 2007) examined the effect of sandblasting, with and without 
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subsequent silane application, on the fiber post bond strength to composite. They used thirty-
two GC glass methacrylate-based fiber posts (from GC corporation) to examine the effect of 
multiple combinations of surface treatments on the post-composite interfacial bond strength. 
In one group they subjected the GC fiber posts to sandblasting only. In a second group 
Radovic and her team treated the fiber posts with sandblasting followed by silanization. After 
surface treatments, the research team fabricated specimen for micro-tensile test by utilizing 
the dual cure resin composite UniFi1 Core (from GC corporation) to form cylindrical 
specimens. Then the specimens were cut to form micro -tensile sticks that were placed in 
tension stress at a crosshead speed of 0.5 mm/min until the samples failed. Radovic et al. 
found that sandblasting alone significantly enhanced the post-composite bond strength. 
Nonetheless, when silane was applied after sandblasting, there was no additional 
improvement of interfacial bond strength. 
In 2006, Wang et al. conducted a test to identify the impact of sandblasting, 
silanization , and pairings of both post-surface treatments on the bond strength between fiber 
posts and resin cement. The research team allocated 28 quartz fiber posts (D.T. Light Post, 
RTD , St Egreve, France) into 4 groups according to the surface treatments: Untreated, 
sandblasting, silanization , and sandblasting/silanization. Then, they fabricated cylindrical 
specimens by bonding the post to dual cure resin cement ( Cali bra esthetic resin cement, 
Dentsply Detrey , Konstan z, Germany). After that, Wang et al. sectioned the specimens to 
obtain sticks for micro-tensile test. In their results , Wang and coworkers found that 
sandblasting / silanization group demonstrated significantly better interfacial bonding 
between the posts and the cement than sandblasting or silanization alone. Also, untreated 
16 
groups showed significantly weaker post-cement bond than silanization, sandblasting, and 
sandblasting /silanization test groups. 
Tribochemical coating is a form of sandblasting where silica-modified aluminum 
oxide particles are used. In addition to surface roughening of the treated substrate, the 
transfer of kinetic energy from blasting , in the form of spot heat on the surface, will silicatize 
the substrate. This process is said to enhance chemical bonding to the surface by means of 
impregnating the silica particle deep onto the blasted surface. Then, silane agent application 
will couple the silica rich surface with luting cement (Sahafi et al., 2015). 
In a previously discussed study by Valandron et al. (Valandro et al., 2006), they also 
tested the effect of triboch emical coating of quartz FRC posts (Light-Post) with subsequent 
silanization on the bond strength to resin cements. Following the micro-tensile analysis, they 
observed a significant increase in the post-cement interfacial bond strength of the 
tribochemical coating group in comparison to two other treatment groups, 10% hydrofluoric 
acid for 1 min /silane, and 32% phosphoric acid for 1 min/silane. 
It is worth mentioning that some researchers found that adhesive application on the 
post surface was not beneficial in enhancing the post-cement bond strength (Goracci et al., 
2007a; Radovic et al., 2007). 
Dimethyl sulfoxide is a dipolar aprotic solvent. Its biological application becomes 
important with the discovery of the powerfu l solvent action of dimethyl sulfoxide on 
inorganic and orgamc components while being pharmacologically harmless. Dimethyl 
sulfoxide is odorless, colorless, and hydroscopic liquid with some bitter taste (Martin et al., 
1967). To our knowledge dimethyl sulfoxide has never been used as a surface treatment for 
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fiber posts to enhance bonding to resin cements . Since fiber posts are formed from inorganic 
fiber embedded in organic resin matrix, it is our interest to explore the use of dimethyl 
sulfoxide as a new surface conditioning protocol for fiber posts. 
Pull-Out Test 
Pull-out test is a laboratory method that has been commonly used to evaluate the 
retentive potential of dowels (Goracci et al., 2007b ). The concept of pull-out test focuses on 
the maximum force reached when debonding take place between two attached materials 
(DiFrancia et al., 1996) . Prisco et al. and De Santis et al. have proposed the use of pull-out 
test supported by finite element analysis to properly describe the cement-post boundary. 
The aim of our study is to find the best surface modifications of FRC posts that will 
strengthen the cement-post bonding interface utilizing a pull-out test. 
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OBJECTIVES 
The objectives of this in-vitro study were the following: 
1. To compare the post-cement interfacial bond strength of different commercially available 
metal and fiber post systems when 2-steps etch and bond or self-adhesive resin cements 
are utilized. 
2. To evaluate the effect of various post-surface treatments on the interfacial bond strength 
between two resin luting cement systems and two fiber post systems. 
3. To introduce dimethyl sulfoxide solution as a new alternative for fiber post surface 
conditioning and examine the influence of pretreating the surface of two fiber posts 
systems with dimethyl sulfoxide solution on bonding to two luting cement systems. 
4. To analyze posts interactions and cements interactions following post-surface 
conditioning. 
19 
HYPOTHESES 
Null Hypotheses 
1. There is no difference of the post-cement interfacial bond strength between fiber 
posts or metal posts. 
2. There is no difference of the post-cement interfacial bond strength between RelyX or 
UniCore fiber post systems when resin cements are utilized. 
3. There is no difference of the post-cement interfacial bond strength between RelyX 
resin cement and ParaCore cement. 
4. Different surface modification protocols of FRC dowels will not strengthen the post-
cement bonding interface. 
5. The influence of fiber post surface conditioning on post-cement interfacial bond 
strength will not be affected by the type of fiber post. 
6. The type of resin cement will not change the effect of post-surface treatment on the 
post-cement bonding strength. 
7. The surface treatment of fiber posts will not result in loss of post weight. 
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MATERIALS AND METHODS 
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In our methodology we used the following experimental sequence: 
I. We started our study by establishing base line values of the post-cement retentive 
strength of fiber posts and stainless steel posts (Table 1) bonded to resin and non-
resin cements (Table 2) in Part I of this study. 
II. In Part II of this experiment, we subjected various fiber post systems to selected 
surface conditioning protocols and then evaluated the interfacial bond strength 
between the fiber posts and different resin cement systems (Tables 3, 4, and 5). We 
were specifically interested in the influence of conditioning the fiber posts with 
dimethyl sulfoxide as a new surface treatment protocol for fiber posts. 
III. In Part III of our assessment we measured the weight loss of fiber posts after each 
treatment used in this study to understand the influence of these surface treatments on 
the post integrity . 
IV. Finally, we used scanning electron microscope in pai1 IV of the study to evaluate the 
surface texture of posts before and after each surface conditioning. 
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Table 1. Post systems used in this study 
Post system Size Composition Manufacturer Batch number 
UniCore Post 4 (1.5 mm) Cross-linked glass Ultradent products , 7128 
System fibers (Lindblad et South Jordon, UT 
al., 2010) 
RelyX Fiber 2 (1.6 mm) 60-70 % of glass 3M ESPE dental 56862 
Po st fibers, z1rcoma products , St. Paul , 
filler , and epoxy- MN 
resm matrix 
(Graiff et al., 
2014) 
ParaPost XP 6 (1.5 mm) Stainless steel Co ltene/Whaledent, 189502 
Cuyahoga Falls, OH 
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Table 2. Luting cements utilized in this study 
Luting cement Type Composition Manufacturer Batch 
# 
ParaCore dual 2-step etch Methacrylate, fluoride , Coltene /Whaledent 5853 
cure core and rmse barium glass, amorphous 
' 
Cuyahoga Falls, 
material resm silica (filler 67%wt, 0.1 µm) OH 
core/ceme nt (Rajkumar et al., 2012) 
RelyX Unicem Self- Methacrylate phosphoric 3M ESPE dental 56875 
2 clicker adhesive ester, dimethacrylate (bis - products, St. Paul, 
Resin GMA /TEDMA), acetate, MN 
Cement stabilizer, initiator 
Glass , Silica, Ca(OH)2, 
pigment, substituted 
pyrimide, peroxy compound 
filler 72%wt, <9.5 um) 
(Bitter et al., 2 007; F erracane 
et al., 2011) 
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Experimental Groups 
Detailed groups categories are shown in Tables 3, 4, and 5. Each FRC Post system 
(Figures lA, lB, and 1 C) were categorized into 7 groups (n = 20) according to surface 
treatments before the cementation process . Subsequently, dowels in each group were 
subdivided according to type of bonding cement (n = 1 0) ; modified glass ionomer cement 
(Fuji I CEM; GC America, Alsip , IL) (Figure IF), self-adhesive universal resin cement (Rely 
X Unicem 2; 3M ESPE, St Paul , MN) (Figure ID) , and 2 steps adhesive resin cement 
(ParaCore; Colten /Whaledent, Cuyahoga Falls, OH) (Figure 1 E). 
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Figure 1. Posts and cements utilized in this study. (A) UniCore fiber posts. (B) RelyX fiber 
posts. (C) ParaPost XP stainless steel posts. (D) RelyX Unicem 2 resin cement. (E) ParaCore 
resin cement. (F) Fuji I Cem. 
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Table 3. Experimental groups 
Group n Cement Post system Surface treatment 
1 10 Fuji I CEM 
ParaPost XP 
2 10 ParaCore Cement 
3 10 ParaCore Cement 
UniCore Post System Untreated 
4 10 Rely X Unicem 2 
5 10 ParaCore Cement 
Rely X Fiber Post 
6 10 RelyX Unicem 2 
7 10 ParaCore Cement 
UniCore Post System 
8 10 ParaCore Cement 
Silane 
9 10 RelyX Unicem 2 
Rely X Fiber Post 
10 10 ParaCore Cement 
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Table 3. Cont. expirmental groups 
Group n Cement Post system Surface treatment 
11 10 ParaCore Cement 
UniCore Post System 
12 RelyX Unicem 2 
Hydrogen Pero xide/Silane 
13 10 ParaCore Cement 
Rely X Fiber Post 
14 10 RelyX Unicem 2 
15 10 ParaCore Cement 
UniCore Post System 
t16 10 RelyX Unicem 2 
Hydrofluoric Acid/Silane 
17 10 ParaCore Cement 
Rely X Fiber Post 
18 10 RelyX Unicem 2 
19 10 ParaCore Cement 
UniCore Post System 
20 10 RelyX Unicem 2 
Dimethyl Sulfoxide/Silane 
21 10 ParaCore Cement 
Rely X Fiber Post 
22 10 Rely X Unicem 2 
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Table 3. Cont. expermintal groups 
Group 11 Cement Post system Surface treatment 
23 10 ParaCore Cement 
UniCore Post System 
24 RelyX Unicem 2 
Sandblasting /Silane 
25 10 ParaCore Cement 
Rely X Fiber Post 
26 10 RelyX Unicem 2 
27 10 ParaCore Cement 
UniCore Post System 
28 10 RelyX Unicem 2 
Tribochemical Coating /Silane 
29 10 ParaCore Cement 
Rely X Fiber Post 
30 10 RelyX Unicem 2 
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Pretreatment Protocols 
S;/ane Coupling Agent Treatment 
One coat of silane (ESPE Sil, 3M/ ESPE, Saint Paul, MN, USA) (Figure 2A) was 
applied (using a disposable applicator, Brush M, 3M/ ESPE, Saint Paul, MN, USA) to the 
entire length of the post and left for 60 seconds before air-drying for 10 seconds using a 
three-way air syringe. 
Hydrogen Peroxide Treatment 
The fiber posts were immersed in 35% hydrogen peroxide (Acros Organics, Janssen-
Pharmaceuticalaan, Geel, Belgium) (Figure 2B) at room temperature for 5 minutes. After 
that, the posts were rinsed with nnming distilled water for 5 seconds and then placed in an 
ultrasonic device (Quantrex, L&R ultrasonics, Kearny, NJ, USA) filled with distilled water. 
After two minutes sonication, the water was changed; and the posts were sonicated for an 
additional two minutes. Finally, the posts were air dried for 30 seconds utilizing three-way 
air syringe and one layer of silane was applied for 60 seconds and then air-dried for 10 
seconds before cementing the post. 
Hydrofluoric Acid Treatment 
In this group, posts were treated with hydrofluoric acid gel (9 .6% porcelain etch gel, 
Pulpdent, Watertown, MA, USA) (Figure 2C) that was directly applied from a ready-made 
syringe onto the post surface. After 60 seconds, the posts were rinsed with running distilled 
water for 5 seconds and then placed in an ultrasonic device (Quantrex, L&R ultrasonics, 
Kearny, NJ, USA) filled with distilled water. After two minutes sonication, the water was 
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changed; and the posts were sonicated for an additional two minutes. Then the cleaned posts 
were removed and air-dried for 30 seconds using three-way air syringe followed by silane 
application for 60 seconds and air-drying for 10 seconds before cementing the post. 
D;methyl Sulfoxide Treatment 
The fiber posts were completely submerged in dimethyl sulfoxide solution (Acros 
Organics, Janssen-Pharmaceuticalaan , Geel , Belgium) (Figure 2D) at room temperature for 5 
minutes. Next, the posts were rinsed with running distilled water for 5 seconds and then 
placed in an ultrasonic device (Quantrex, L&R ultrasonics, Kearny, NJ , USA) filled with 
distilled water. After two minutes sonication, the water was changed; and the posts were 
sonicated for an additional two minutes. Lastly, the posts were air dried for 30 seconds 
utilizing three-way air syringe and one layer of silane was applied for 60 seconds and then 
air-dried for 10 seconds before the cementing the post. 
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Figure 2. Materials used for post surface conditioning. (A) silane solution (B) 35% hydrogen 
peroxide solution (C) 9% hydrofluoric acid gel (D) dimethyl sulfoxide soultion 
Tribochemical Coating 
Tribochemical coating involved blasting a rotating post with 30µm silica-modified 
AhO3 (CoJet Sand , 3M/ ESPE, Saint Paul, MN, USA) (Figure 3A) from a nozzle (# 28527, 
80° .019, PrepStar, Danville Materials, San Ramon, CA, USA positioned at 1-mm distance 
and moving along the rotating post length (Figures 3C and 3D). The pressure of the blasting 
device (PrepStar, Danville Materials, San Ramon, CA, USA) (Figure 3B) was set to 42 psi 
(2.4 Bar). During the blasting process, the post was attached to a fixture that rotated at 16 
revolutions per minute in a computer numerically controlled (CNC) device (EMCO Maier 
Corporation, Novi, MI, USA). The nozzle (PrepStar .015 90° nozzle, Danville Materials, San 
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Ramon, CA, USA) was attached to a moving fixture in the same CNC device. The nozzle 
moved in a rate of 25 mm per minute and made two blasting swipes over the post; then the 
speed was set to 50 mm per minute for a final blasting swipe. The final calculated rate of the 
tribochemical coating was 0.18 mm/s of post length. Following the CoJet Sand manufacturer' 
recommendation , this coating process was followed by immediate application of silane 
(ESPE Sil, 3M/ ESPE, Saint Paul, MN, USA) . 
Sandblasting 
Mechanical roughening of the fiber post surface with airborne-particles of aluminum 
oxide (AhO 3, Cobra 25 µm/ 500 mesh, Renfert GmbH , Hilzingen, Germany) was performed 
using PrepStar (Danville Materials, San Ramon, CA, USA) and CNC devices (EMCO Maier 
Corporation, Novi, MI, USA) in a similar manner to tribochemical coating (Figures 3C and 
3D). Then, the posts were rinsed with running distilled water for 5 seconds and then placed in 
an ultrasonic device (Quantrex , L&R ultrasonics, Kearny, NJ , USA) filled with distilled 
water. After two minutes sonication , the water was changed; and the post was sonicated for 
an additional two minutes. Posts were then air dried for 30 seconds using three-way air 
syringe before applying one coat of silane (ESPE Sil, 3M/ ESPE, Saint Paul , MN, USA) and 
allowing the post to air dry for 60 seconds. Finally, the three-way air syringe was used again 
for air-drying the posts for 10 seconds. 
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Figure 3. Method of tribochemical coating and sandblasting. (A) CoJet sand. (B) PrepStar 
blasting device (C) View of rotating post, blasting bozzle, and vacum hose in computer 
numerically controlled (CNC) device. (D) Close up picture showing the nozzle tip operating 
along the rotationg post. Notice the close distance between the blasting tip and the post. 
Note On The Method Of Drying The Fiber Post After Washing With Water 
We experimented with three drying protocols to find an appropriate method of drying 
fiber posts after ultrasonic water bath. We tested drying the fiber posts in a hot oven at 40° 
Celsius for 2 hours and 4 hours and compared them to air-drying by three-way syringe for 10 
seconds. To detect ifthere was a difference between the three drying protocols, we compared 
the post weights before water wetting and after the three drying methods. The results of this 
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trial showed that there were no differences between 2 hours and 4 hour s oven drying, and air-
drying by three-way syringe for 10 seconds. With all three drying methods, the posts returned 
to the pre-wetting weights. Thus, in our study, we used the three-way air syringe for air-
drying the posts for 10 seconds after washing the posts in ultrasonic water bath because this 
method is simp le and save times. 
Bonding And Specimens Preparation For Pull-Out Test 
Test specimens were comprises of posts cemented into coupling nuts measuring ¼" in 
outer diameter and ¾" in length (Zinc Plated Steel Female Threaded Round Standoff 1/4" 
OD, 3/4" Length, part # 93265a490, McMaster Carr, Elmhurst, Illinois) (figure 4A). 
Specimens were prepared for pull testing by cementing the parallel coronal side of the post 3 
mm deep into a coupling nut to form the test side (Figure 4B). The tapered apical side was 
cemented 9 mm into a coupling nut to form the grip side. 
The test side was prepared by inserting a screw into the base of the coupler to control 
the depth of the cementation to 3 mm. The selected cement was hand mixed with spatula for 
the duration recommended by the manufacturer, then the cement was applied to fill the entire 
3 mm depth created in the coupler. The coronal parallel side of the dowel was inserted in the 
luting cement and a Teflon mold was used to ensure that the post was centered within the 
coupler (Figure 4C). The cement was then light cured using a bluephase 16i (1200mW /cm2, 
lvoclar Vivadent, Amherst, NY) for 20s from the top of the coupler, and then the specimen 
was removed from the Teflon mold. The depth-controlling screw was removed and the light 
cure was performed from the bottom of the coupler for 10s. Excess cement was then removed 
using a utility blade. After the test side was completed, the grip side was constructed in a 
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similar manner to the test side but the tapered apical side of the post was cemented 9 mm into 
the coupler to ensure stability of the grip during testing (Figure 4D). 
Figure 4. Specimen preparation for pull-out test. (A)Coupling nut (B) Post inserted into the 
cement to form the test side of post-cement bonding interface, (C) Teflon mold used to 
ensure standardized cementation process, (D) Specimen ready for testing. Note that at the test 
side the post is cemented 3 mm into the cement and at the grip side the post is inserted 9 mm 
into the cement 
Pull-Out Test 
Cement was allowed to cure for 24 hours before testing. Then, pull-out test was 
performed for each sample utilizing a universal testing machine (Instron 5566, Norwood, 
MA, USA) (Figures 5A and 5B). The pull-out rate was 1mm / minute and continued until the 
debonding of the test side (Figure SC). The maximum force (F) at failure was recorded in 
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Newtons (N) (Tables 6 and 7). Bond strength (r) in MegaPascal (MPa ) was calculated 
utilizing the following formula: 
't = Fhc*d*l 
Equation 1. Bond strength (MPa) 
Where Fis the force (N), l is the length of cemented post (mm), and dis the diameter 
of the post (mm) (Table 4). 
Figure 5. Pull-out experiment. (A) Instron testing machine. (B) Specimen arrangement for 
pull-out test. (C) Test [T] and grip [A] sides after failure. 
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After pull-out test, de-bonded samples were examined to determine failure modes. 
The post diameter for each commercial post system used in this study was measured at the 
coronal parallel side of the post using a micrometer. The recorded post diameters used with 
equation 1 are shown in Table 4. 
Table 4. Measured posts diameters at the test bonding site (mm) 
ParaPost XP UniCore Post System Rely X Fiber Post 
1.4 1.7 1.5 
Weighing Procedure 
We performed the first measurement of the weight of fiber posts before treatment 
usmg a Mettler AE 50 device (Mettler-Toledo Inc., Columbus, OH, USA). A second 
measurement of the weight of the same fiber posts was made after treatment, washing, and 
drying. Weight data were collected in gram (g) units. 
Surface Topography 
From each treatment group, one of each UniCore and RelyX posts were used after 
treatment for assessment of the post's surface topography using a Field Emission Scanning 
Electron Microscope (FESEM) (Hitachi SU6600 , Hitachi High Technologies America, Inc., 
Clarksburg, MD, USA). Treated fiber posts were attached to a holder after ultrasonic 
washing in water for 4 minutes and air-drying. We analyzed the samples in secondary 
electron (SE) mode at 5kv from approximate distance of 31 mm to obtain surface topography 
images. 
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We also performed energy-dispersive X-ray spectroscopy (EDS) usmg AZtec 
software (v.12 2.3 HF2 , Oxford Instruments X-ray Technology , Scotts Valley, CA USA) to 
analyze some posts treated with sandblasting and tribochemical coating. The EDS 
examination was performed in a line manner at the interface between untreated and treated 
locations. 
Statistical Analysis 
Statistical analysis was conducted using JMP Pro software (v. 11.0, SAS Institute 
Inc. , Cary , NC , USA). Untreated post s cemented with different cements were compared 
using Tukey test ( a =0.05) (Figure 15). The differences between interfacial bond strength 
among treatments groups were analyzed with two-way ANOV A and the Tukey test ( a =0.05) 
(Figure 16). Post hoc analysis was conducted to identify which post system and which resin 
cement system showed a better performance after each treatment ( a =0.05) (Figures 17, 18, 
19, and 20). 
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RESULTS 
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Pull-Out Bond Strength Test 
Part I: Interfacial Bond Strength Between Untreated Posts And Luting Cements 
Untreated stainless steel ParaPost XP bonded with modified glass ionomer Fuji I Cem 
revealed statistically significant higher bonding values only when compared to RelyX fiber 
post cemented with ParaCore cement (Figure 6, Table 5). 
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Figure 6. Pull-out test results of untreated posts bonded with different types of cement 
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Table 5. Post-cement mean interfacial bond strength of non-treated posts with different types 
of cements in MPa (±standard deviation) 
ParaCore Cement RelyX Unicem2 Clicker Fuji I CEM 
Cement 
RelyX Fiber UniCore Post ParaPost XP RelyX Fiber UniCore Post ParaPost XP 
Post Post 
14.01(3.0ll 16.56 15 .46 ( 5 .96)AB J 7.2J(3.86tB 18.92 20.99 
(2.03l 8 (3.79l 8 (5.Sit 
Part II: Effects Of Different Surface Modifications Of Fiber Posts On The 
Retentive Strength To Adhesive Resin Cements 
Tables 8 and 9 present force data, in Newtons (N), obtained from the pull-out test , 
and the calculated interfacial bond strength, in MegaPascals (MPa) , with the corresponding 
coefficient of variation (COY). We noticed similar values of the coefficient of variation 
(COY) for both sets of data. 
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Table 6. UniCore fiber post-cement pull-out test results. Mean (M) , standard deviation 
(SD), coefficient of variation (COY), Newton (N) and Mega-Pascal (MPa) . Pooled data of 
RelyX Unicem 2 and ParaCore cements 
Force (N) Bond Strength (MP a) 
M SD COY M SD COY 
Untreated 284.08 51.11 18 17.74 3.19 18 
Silane 342.08 37.47 11 21.36 2.34 11 
Hydrogen 344.78 49.09 14 21.53 3.07 14 
Peroxide / 
Silane 
Hydrofluoric 353.24 51.44 15 22.06 3.21 15 
Acid / Silane 
Dimethyl 370.81 49.52 13 23.16 3.09 13 
Sulfoxide / 
Silane 
Sandblasting / 412.48 65.57 16 25.76 4.09 16 
Silane 
Tribochemical 509.49 49.18 9.7 31.81 3.07 9.7 
Coating / 
Silane 
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Table 7: RelyX fiber post-cement pull-out test results. Mean (M), standard deviation (SD), 
coefficient of variation (COV), Newton (N) and MegaPascal (MPa). Pooled data of RelyX 
Unicem 2 and ParaCore cements. 
Force (N) Bond Strength (MPa) 
M SD cov M SD cov 
Untreated 219.49 52.72 24 15.53 3.73 24 
Silane 280.27 43.22 15 19.83 3.06 15 
Hydrogen 343.54 46.71 14 24.31 3.31 14 
Peroxide / 
Silane 
Hydrofluoric 369.46 51.24 14 26.15 3.63 14 
Acid / Silane 
Dimethyl 374.76 47.83 13 26.39 3.59 14 
Sulfoxide / 
Silane 
Sandblasting / 386.3 55.5 14 27.34 3.93 14 
Silane 
Tribochemica l 436 .68 59.44 14 30.9 4.21 14 
Coating / Silane 
44 
Statistical analysis revealed that all post surface treatments had significantly 
influenced pull-out bond strength (P < 0.05) (Table 8 and Figure 7). The post-cement 
interfacial bond strength following tribochemical coating was significantly higher than all 
other treatments (P < 0.05). In the untreated group , the lowest post-cement strength was 
observed , and the difference was statistically significant (P < 0.05). FRC posts treated with 
silane displayed a significantly better interfacial bond to resin cements than untre~ted posts 
(P < 0.05). Although immersion of fiber posts in hydrogen peroxide significantly enhanced 
the bond strength of resin cement , no significant difference was detected in bond strength 
when compared to posts treated with silane only. Hydrofluoric acid treatment was not 
significantly different from hydrogen peroxide treatment, but showed significantly better 
results than posts treated with silane only. Sandblasting was significantly better than silane , 
hydrogen peroxide, and hydrofluoric acid treatments, but not dimethyl sulfoxide group. 
Dimethyl sulfoxide was better than silane treatment group , but not significantly different than 
hydrogen peroxide, hydrofluoric acid, and sandblasting. 
Table 8 and Figure 8 present the data of the interfacial bond strength and failure 
modes based on the posts surface treatment. We observed only two types of failure modes 
following pull-out test; adhesive and mixed failures consisting of both adhesive failure and 
cohesive failure in the cement. Interestingly, there were corresponding increases in mixed 
failure mode in specimens that demonstrated higher interfacial bond strength values. 
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Table 8. Pooled mean interfacial bond strength in MPa (±standard deviation) of post-cement 
and failure modes based solely on post surface treatment s 
Mean Bond Strength 
Failure Mode 
(SD) 
(n) 
Adhesive Mixed 
(n) % (n) % 
Untreated 16.61 (3.61) E 41 40 98% 1 2% 
Silane 20.62 (2. 79) D 41 28 68% 13 32% 
Hydrogen Pero xide/ 22.92 (3 .45) CD 40 28 70% 12 30% 
Silane 
Hydrofluoric Acid / 23.96 (3.95) C 43 25 58% 18 42% 
Silane 
Dimethyl Sulfoxide/ 24 . 77 (3 .69) BC 40 16 40% 24 60% 
Silane 
Sandblasting/ Silane 26.55 ( 4.04) B 40 12 30% 28 70% 
Tribochemical Coating/ 31.36 (3.66) A 40 1 3% 39 98% 
Silane 
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Figure 7. Results for pull-out test after treatments. Distinct letters indicate statistically 
significant differences (Tukey test, a< 0.05) 
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Failure Mode 
• Adhesive 
• Mixed 
Part III: Post Interactions With Different Surface Treatments 
Figure 9 shows post interaction with treatments and Table 9 presents the values of the 
interacting groups. Untreated UniCore fiber post revealed higher interfacial bond strength to 
resin cements than untreated RelyX fiber post (P < 0.05). However, when posts were treated 
with hydrogen peroxide, hydrofluoric acid, and dimethyl sulfoxide, Rely X fiber posts 
showed a statistically significant higher interfacial bond strength to resin cements than 
similarly treated UniCore post (P < 0.05) 
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Figure 9. Plot of interaction effect between post surface treatment and post systems obtained 
from pooled data of both RelyX Unicem 2 and ParaCore cements. 
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Part IV: Cement Interactions With Different Surface Treatments 
The interaction between the type of resin cement and the fiber post surface treatments 
are displayed in Figure 10 and Table 9. RelyX Unicem 2 luting agent resulted in a 
statistically higher post-cement bond value than ParaCore cement when posts were untreated 
or pretreated with silane before cementation and testing (P < 0.05). Contrary, no significant 
differences were detected in the interfacial bond strength between post-RelyX Unicem 2 or 
post-ParaCore cement when posts surface were treated with hydrogen peroxide, hydrofluoric 
acid, dimethyl sulfoxide, sandblasting or tribochemical coating before bonding. 
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Table 9. Mean (±standard deviation) of post-cement interfacial bond strength m MPa 
calculated for all interacting groups 
UniCore Post System RelyX Fiber Post 
ParaCore RelyX Unicem2 ParaCore RelyX 
Cement Clicker Cement Unicem2 
Clicker 
Untreated 16.56 18.91 14.01 17.21 
(2.03) (3.79) (3.01) (3.86) 
Silane 21.78 20.98 17.7 21.97 
(2.24) (2.47) (2.66) (1.59) 
Hydrogen Peroxide/ 22.19 20.87 23.85 24.77 
Silane (2.29) (3.69) (3.99) (2.58) 
Hydrofluoric Acid/ 22.10 22.01 26.02 26.28 
Silane (2.57) (4.05) ( 4.04) (3.37) 
Dimethyl Sulfoxide/ 23.44 22.87 24.54 28.24 
Silane (2.05) (3.97) (3.88) (2.13) 
Sandblasting / Silane 24.84 26.68 27.4 27.28 
(4.26) (3.92) ( 4.42) (3 .61) 
Tribochemical Coating/ 32.11 31.52 31.95 29.86 
Silane (2.40) (3.74) (5.24) (2.73) 
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The post system was influenced by chemical condition groups of hydrofluoric acid 
and hydrogen peroxide (P < 0.05). Overall the cement brand did not influence the interfacial 
bond strength with the exception of untreated post and silane only conditioned posts; the 
RelyX Unicem 2 demonstrated higher post-cement bond strength (P < 0.05) 
Weight Loss Of Fiber Posts Following Surface Conditioning 
Immersion of fiber posts in hydrogen peroxide did not result any loss of post weight. 
Conditioning the fiber posts with dimethyl sulfoxide caused some degree of weight loss that 
was less than the weight loss observed following treatments with hydrofluoric acid, 
sandblasting and tribochemical coating. When hydrofluoric acid and sandblasting were used 
to pretreat fibers posts, we observed comparable weight loss values of treated fiber posts. 
Tribochemical coating showed the most radical weight loss among all treatments, which was 
5-8 times that for sandblasting and hydrofluoric acid treatments (Table 10). 
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Table 10. % Weight loss of fiber posts following different treatments 
Treatment Post System % Weight Loss (±SD) 
Hydrogen Peroxide UniCore Post 0 
RelyX Post 0 
Hydrofluoric Acid UniCore Post 0.35 (0.09) 
RelyX Po st 0.47 (0.09) 
Dimethyl Sulfoxide UniCore Post 0.18 (0.1) 
RelyX Post 0.24 (0.16) 
San db lasting UniCore Post 0.33 (0.17) 
RelyX Post 0.59 (0.36) 
Tribochemical Coating UniCore Post l.99 (0.73) 
RelyX Post 5.16 ( 1.16) 
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Surface Topography Analysis 
SEM analysis of untreated UniCore fiber post (Figure 11. lA) and RelyX fiber post 
(Figure 11. 2A) revealed classic structure of composite material fonned of fibers embedded 
in resin matrix. The examination of the surface topography of posts pretreated with hydrogen 
peroxide revealed selective removal of some organic components of the fiber post. Gap 
formation was evident at the edge of some fibers (Figures 11. lB and 2B). As a result, glass 
fibers are more prominent with more spaces between fibers and no sign of fracture to the 
exposed fibers. On the other hand preconditioning the UniCore and RelyX fiber posts with 
9% hydrofluoric acid for 1 minute showed extensive eradication of the resin matrix (Figures 
11. 1 C and 2C). Also, the glass fibers of UniCore posts showed erosions (figure 11. 1 C) 
while the fibers of RelyX post showed cracks formation (Figure 11. 2C). Submersion of both 
types of fiber posts in dimethyl sulfoxide for 5 minutes revealed selective removal of the 
resin with intact fibers (Figures 12. IA and 2A). Treatment with both sandblasting (Figures 
12. lB and 2B) and tribochemical coating (Figures 12. IC and 2C) showed non-selective 
severe surface demolition of the inorganic glass fibers and organic resin matrix. Moreover , 
after both blasting treatments, the surface of UniCore and RelyX posts appear heterogonous 
with distinctive irregularitie s. 
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for 
UniCore post (1) and RelyX posts (2). (A) untreated, (B) 35% hydrogen peroxide, (C) 9% 
hydrofluoric acid. 
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Figure 12. SEM images at 200x of the post surface topography after different treatments for 
UniCore post (1) and RelyX Posts (2). (A) dimethyl sulfoxide, (B) sandblasting, (C) 
tribochemical coating. 
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We performed EDS line analysis at the interface between untreated and treated areas 
in posts obtained from tribochemical coating and sandblasting groups. Tribochemical coating 
seems to show some increase in silica fillings when the analysis was moving from untreated 
location to tribochemically-coated areas (Figure 14). While in sandblasted post, the silica 
content remained constant when scanning was performed from untreated areas to sandblasted 
locations (Figure 13). 
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Figure 13. EDS line analysis of UniCore post extending from untreated areas (far left) to 
sandblasted locations (far right). Notice the steady average content of silica along the 
scaned line. 
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Figure 14. EDS line analysis of UniCore post extending from untreated areas (far left) to 
tribochemically coated locations (far right). Notice some increase in the average content of 
silica along the scaned line. 
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Statistical Analysis 
Part I : Jnte,jacial Bond Strength Between Untreated Dowels And Luting Cements 
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Figure 15: Tukey multiple comparison test of untreated posts-cements bond strength 
60 
Part II: Effects Of Dffferent Surface Modifications Of Fiber Posts On The Retentive 
Strength To Adhesive Resin Cements 
61. 
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Figure 16: Tukey multiple comparison of post-surface treatments 
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Part III: Post And Cement Interactions 
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Sum of 
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Lack Of Fit 
Source 
Lack Of Fit 
Pure Error 
Total Error 
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38 392.30280 0.6771 
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Least Squares Means Table 
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UniCore Fiber Post 7.7405000.71846218 17.7405 
LSMeans Differences Student's t 
?=().050 1"2.02439 
LSMeanLi) 
Mean(i)-Mean[jj RelyX UniCore 
Std Err Oil Fiber P, Fiber Post 
Lower CL Oif 
~~~fy'i[~~e%os l 0 -2 1412 
ill 01.00417 
::; . I 0 -4 1741 ~ 0 -0 1084 
UniCore Fiber P® l 4123 0 
I 00417 0 
0 10839 0 
4 17408 0 
Cement System 
Leverage Plot 
~ 
~ 25 
5 r~ 
10 ~- --;--·, 
15.015 .5 16.0 16.5170 17.518 .018 .5 
Cemenl System Leverage, P=0.0085 
Least Squares Means Table 
Least 
Level Sq Mean Std Error Mean 
ParaCore Cement 15.2752670.70155482 15.2243 
RelyX Unicem 2 Ceme~IB.0645000.71846218 18.0645 
LSMeans Differences Student's t 
?=0.050 1"2.02439 
LSMeanLi] 
~.~~~~ranLi] --6!~~~~~:~:J 2 
Lower CL Oil [Cemen 
~~~fa"c~~ g~ment ol.2 7892 
ill 01 00417 
::; 0 -4 8221 
~ ~ 0 -0 7564 
RelyX Unicem 2 Cem~r1189231
1 
o 
) .00417 0 
0 75639 0 
4 82208 0 
Max RSq 
0.2519 Lesst Least 
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Analysis of Variance 
Sum of 
Source OF Square.-lean Square F Ratio 
Model 2 52.87862 26.4393 3.8901 
Error 38 258.26658 6.7965 Prob> F 
C. Total 40 311.14520 00290· 
Lack Of Fit 
Source 
Lack Of Fit 
Pure Error 
Total Error 
Sum of 
OF Square!Hean Square F Ratio 
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Least Squares Means Table 
Least 
Level Sq Mean Std Error Mean 
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Figure 17: Student's t test of the effect of the type of fiber posts and resin cements on the 
post-cement interfacial bond strength for untreated and silane treated groups. 
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Response lnterfacial Bond Strength Treatment=Hydrogen Peroxide/Si lane 
Whole Model Post System Cement System 
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Response lnterfacial Bond Strength Treatment=Hydrofluoric Acid/Silane 
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Analysis of Variance 
Sum of 
Source DF Square!Mean Square F Ratio 
Model 2 178. 78230 89.3911 7.4989 
Error 40 476.82340 11.9206 Prob> F 
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Lack Of Fit 
Sum of 
Source 
Lack Of Fit 
Pure Error 
To tal Error 
DF Square.,ean Square F Ratio 
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Parameter Estimates 
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Least Squares Means Table 
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RelyX Fiber Post 26.1465000 .77202931 26.1465 
UniCore Fiber Po~2 .0640510 .72321924 22.0591 
LSMeans Differences Student's t 
?=0.050 t,Q.02108 
LSMeanli] 
I 
Mean[i]-Meanli] I R_elyX U_niCor~ 
Std Err D1I Fiber P1F1ber Post 
Lower CL Dif 
Upper CL Dif 
~RelyX Fiber Posl ol1 08245 
:Jl 01 05786 
:;;; 01 94443 
".], Q!, 22047 
UnlCore Fiber P .0824 O 
I' 05786 0 -6 2205 0 
-1.9444 0 
Least Squares Means Table 
Least 
Level Sq Mean Std Error Mean 
ParaCore Cement 24.0675510 .72321924 23.8013 
RelyX Unicem 2 Cemelll4 .1430000 .77202931 24.1430 
LSMeans Differences Student's t 
?=0.050 t,Q,02108 
LSMean[j] 
ParaCo RelyX 
Cemen\ Unice"l 2 
Cement I
Mean[i]-Mea.nli} 
Std ErrD1f 
Lower CL DII 
Upper CL Dif 
~ParaCo re Cement g{?ci~~~~ 
~ 0'-2.2135 
".] 920!l?fil 
RelyX Unicem 2 Cem8.0754~] 0 
\o~~~~I g 
2.21347
1 
0 
Least Least 
Level Sq Mean Level Sq Mean 
RelyX Fiber Post A 26.146500 RelyX Unicem 2 CemeAI 24.143000 
UniCore Fiber Post B 22.06405 1 ParaCore Cement A 24.067551 
Levels not connected by same letter are significantly differee " els not connected by same letter are significantly dill 
Figure 18: Student ' s t test of the effect of the type of fiber posts and resin cements on the 
post-cement interfacial bond strength for hydrogen peroxide and hydrofluoric acid treated 
groups. 
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Response lnterfacial Bond Strength Treatment=Sandblasting/Silane 
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Model 2 32.37643 16.1882 0.9913 
Error 37 604.19161 16.3295 Prob> F 
C. Total 39 636.56804 0.3807 
Lack Of Fit 
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Figure 19 Student's t test of the effect of the type of fiber posts and resin cements on the post-
cement interfacial bond strength for dimethyl sulfoxide and sandblasting treated groups. 
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Figure 20: Student's t test of the effect of the type of fiber posts and resin cements on the 
post-cement interfacial bond strength for tribochemical coating treated groups. 
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DISCUSSION 
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When a dental post is bonded inside a root canal, there are two interfaces of adhesion; 
dentin-cement and post-cement. This experiment was conducted to explore one particular 
interface, the post-cement interface. For this reason and to only measure the bonding 
interface between fiber posts and bonding cements, we acquired an in-vitro experimental 
design that provided a root canal-like channel where both post and cement can interact within 
a thin film of the luting agents. We used a study model of coupling nuts with serrated inner 
surface that provided strong mechanical retention of the cement to ensure that debonding 
take place at the desired boundary between the post and the cement (Guler et al., 2012; Zicari 
et al., 2012). In a clinical situation , dental posts would be cemented deeper inside the root 
canal to provide better retention. However, for the purpose of this investigation, posts were 
cemented only 3 mm into the coupling nuts. This short cementation of posts minimized the 
formation of voids and artifacts within the cement; a situation that usually occurs with deep 
posts cementation and compromises the bond integrity (Cuadros-Sanchez et al.). Also, a 
short span of post fixation allowed us to use the parallel surface of the post and avoid any 
tapered surface to further simplify the calculation of interfacial bonding strength. 
Cementation of the posts to only 3 mm allowed us to minimize variables and better 
investigate the bonding interface. The use of extracted teeth was not an option in this study 
because it would produce two distinct interfaces; the dentin-cement and the post-cement 
interfaces. Thus, we couldn't control where the failure would take place during a debond test. 
Also, the use of extracted teeth would add many variables such as the condition of dentin, the 
size of the canal, and the cement thickness. Moreover, the process of collecting extracted 
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teeth is challenging , starting from the collection process, going through the disinfection, and 
ending with proper storage. 
During fabrication of the specimens , we cemented the fiber posts in an upside-down 
fashion in the test side of the specimens to utilize the coronal parallel part of the post. The 
reason for this way of cementation was to have a constant diameter along the entire cemented 
post; hence, we achieved a better standardization and simplification of our study 
methodology and reduced the chance of calculation errors of the interfacial bond strength 
(Prisco et al., 2003; Sahafi et al., 2015). During the bonding process we followed 
manufacturer's instructions for mixing different cement components. However, with 
ParaCore cement, even though the manufacturer recommended the use of mixing tip, we 
mixed the ParaCore by hand because we found in our pilot work that the method of mixing 
ParaCore did not influence the pull-out test results. Moreover, hand mixing preserved the 
ParaCore material and reduced research expenses. 
When we performed the pull-out test, the data were collected in Newtons (N) units. 
Since we were comparing posts with different diameters, we utilized the diameter of post, 
length of cemented portion of the post, and maximum force at debonding (N) to obtain the 
post-cement bonding strength in Mega Pascal (MPa). We observed no change in the 
coefficient of variations by converting Newtons to Mega Pascal (Tables 6 and 7). The results 
of pull-out test of untreated posts cemented with different types of cements--multiple typess 
of resin cements as well as non-resin modified glass ionomer cement-- provided the reader 
with a control values that demonstrate how our results compare to other published data with 
similar analysis. 
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In this study , two types of cement (2 steps etch and rinse dual polymerizing cement 
and a dual-polymerizing self-adhesive universal resin cement) were bonded to two types of 
fiber posts, Rely X Fiber Post which is composed of 80-90 % zirconia glass fiber and 10-
20% resin according to the MMD sheet (3M/ ESPE, Saint Paul, MN, USA) and UniCore post 
which is formed of glass fiber and resin. The interfacial bonding strength was evaluated with 
pull-out test. Our study demonstrated significantly better bonding of RelyX Unicem 2 cement 
than ParaCore cement to untreated fiber posts. This finding supports the SEM imaging 
analysis by Tian et al. (Tian et al. , 2012) of cemented fiber posts pulled out from extracted 
teeth. They witnessed that most of the RelyX Unicem 2 cement was still attached to the post 
surface compared to ParaCore cement the showed less bonding to the post surface. 
We expected RelyX Unicem 2 to have a better bond to RelyX fiber post than other 
commercially available posts because the same firm makes both materials. Manufacturer's 
data from 3M ESPE proposes that RelyX Unicem should bond to RelyX fiber post by 3 
means: covalent bonds, mechanical interlock, and hydrogen bonds(Graiff et al., 2014). 
We also intended to enhance the bonding interface by performing surface 
conditioning of the fiber posts and evaluated the effect of these treatments on pull-out values 
among different combinations of posts and cement systems. In our investigation , all surface 
treatment methods significantly enhanced the interfacial bond strength between fiber posts 
and resin cements. Also , significant differences were detected between the treatment groups, 
and some treatment seemed to achieve better bonding strength than others. 
Silane application on fiber post modifies the surface energy and promotes a smaller 
contact angle of subsequently applied cement. Consequently, silane treatment provides a 
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better spread of the cement on the fiber post surface (Costa Dantas et al., 2012). Additionally, 
organofunctional silane primer 8-methacryloxypropyltrimethoxysilane (8-MPTS) acts by 
chemically coupling quartz or glass fibers of the post to the resin matrix of cement (Kim et 
al., 2013). What makes silanization an attractive treatment procedure for fiber posts is the 
simplicity of a chair-side application of silane in a clinical setting (Radovic et al., 2007). 
Nevertheless , there are inconsistent results in the literature about the role of silanization of 
fiber posts in obtaining increased resin bond strength (Garacci and Ferrari, 2011 ). Silane 
requires hydroxyl groups on the fiber surface for interaction. The action of silane depends on 
its ability to chemically bond with the hydroxyl (OH) groups on inorganic substrates such as 
silica fibers on the surface of post (Monticelli et al., 2006). Thus, the benefit of fiber post 
silanization depends on the nature of fibers incorporated in the post structure. Unlike glass or 
quartz fibers that have an abundance of hydroxyl groups on their surface, carbon fibers lack 
in this important hydroxyl component. Hence , silane may be less effective in enhancing the 
interfacial bonding between resin composites and carbon-fiber posts but useful with quartz 
and glass fiber posts (Albaladejo et al., 2007; Bitter et al., 2007; D'Arcangelo et al., 2007; 
Garacci et al., 2005b ). Nonetheless, Sarkis-Onofi.-e et al. (Sarkis-Onofre et al., 2013) review 
of the literahire and meta analysis conclusion agrees with our observation that the retention 
of FRC posts appeared to be improved when posts were treated with silane. 
Manufacturers of UniCore and RelyX posts state that their posts are pre-silanized 
during manufacturing. Nonetheless, we found that fresh silane application just before the 
cementation process significantly increased bond strength to resin cements when compared 
to as-received manufacturer pre-silanized groups. One conceivable explanation for this 
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finding is that the potential benefits of silanization during post fabrication will fade away due 
to air moisture exposure because of non-airtight packaging. 
The bond between Rely X fiber posts and Para Core cement did not change when 
si lane was applied in comparison to untreated RelyX fiber posts. Radovic et al. (Radovic et 
al., 2007) found that silane conditioning did not provide additional benefits and may cause a 
reduction of interfacial bond strength if applied after sandblasting. However, with the 
exception of the RelyX fiber post /ParaCore cement group , silane treatment caused a 
significant increase in the retention strength of the fiber posts to adhesive resin cements. 
Even though si lane application to Rely X fiber posts before cementation with ParaCore did 
not enhance the post-cement interfacial bond strength , the silane application to RelyX fiber 
post followed by bonding with RelyX Unicem 2 resulted in the highest interfacial bond 
strength among the silane treated groups. Hence, in disagreement with Radovic et al. 
(Radovic et al. , 2007) , silane preconditioning of fiber posts, as a sole treatment or following 
other treatments used in our study , seems to be an effective method to improve post-cement 
bond strength and the benefits of silanization of fiber posts may be dependent on the type of 
cement used. Also , from our observation , silane did not decrease interfacial bond strength, 
which could mean that even if silanization does not aid the bonding of fiber posts to adhesive 
resin cement , probably it will not have a detrimental effect on the post-cement bond. 
In agreement with our study of the ability of hydrogen peroxide treatments of posts to 
enhance the strength of bonding FRC posts to resin cements, Yenisey and Kulunk (Yenisey 
and Kulunk , 2008) found that the surface treatment of glass and quartz fiber posts with 
hydrogen peroxide significantly improved the shear bond strength with composite resin. 
Conversely , Kim et al. did not find any benefits of etching fiber posts with H202 for 
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improving shear bond strength to resin composite. This may be attributed to the differences 
in methodology between their studies and our study. 
The observed advantage of hydrogen peroxide in our study over the more aggressive 
treatments such as hydrofluoric acid, sandblasting, and tribochemical coating is that most of 
the FRC posts' structure remain visibly undamaged after hydrogen peroxide treatment when 
compared to untreated posts (Figures 11. lB and 2B ). It is possible that our applied protocol 
of immersing FRC posts in 35% hydrogen peroxide for 5 minutes could successfully break 
resin bonds by oxidative action. This would result in a selective dissolution of the outer 
organic resin matrix of the FRC posts and leave behind a layer depleted of resin with intact 
inorganic fibers that can be silanized. Then the coupling agent application would link 
between the exposed fibers and the luting resin cements (Goracci et al., 2007b ). 
Some reports indicate that hydrogen peroxide may impede complete setting of the 
cement (Attin et al., 2004; Can-Karabulut and Karabulut, 2011; Morris et al., 2001). We did 
not observe any reduction in interfacial bonding between the cement and H2O2 treated fiber 
post. However, in an early stage of our investigation we found that if a fiber post, that was 
treated with hydrogen peroxide was immediately bonded to resin cement without washing the 
fiber post with water, a significant reduction in the post-cement bond strength was observed. 
In our methodology, after conditioning a fiber post with hydrogen peroxide the post was 
subjected to the following: washing with ultrasonic water bath, air-drying, storage for 24h in 
100% humidity at 3 7 ° C and silane application before bonding. It seems that this washing 
was sufficient to eliminate any deleterious effect of H2O2. 
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In this study, sandblasting the surface of fiber posts was with a nozzle positioned at 1-
mm distance and the blasting pressure was 2.4 Bar. The treatment time was 16.2 seconds for 
the 3 mm length of the bonded test side of a post. Followed by silane application , the 
aforementioned sandblasting protocol performed significantly better than hydrofluoric acid, 
hydrogen peroxide and silane only groups. This enhancement of bond strength is similar to 
the favorable outcome following sandblasting observed with push-out tests reported in other 
investigations. However , when Jongsma et al. (Jongsma et al., 2010) evaluated the influence 
of sandblasting in bonding resin cement to fiber posts using micro-tensile test, they found no 
increase in the interfacial bonding. Jongsma et al. explained that this difference in 
conclusions, between their study and other published studies, could be due to different testing 
methodology. We believe that in addition to the testing methods , the blasting technique may 
have played a role in this debate. Even though Jongsma et al. used larger Ab0 3 (50 µm) and 
higher pressure ( 4 Bar) during the sandblasting process , they blasted the posts for a short 2 
seconds and from a distance of 5 cm. This short duration and extended distance may have 
resulted in an insufficient effect on the post surface. 
In our study, Colet blasting of the fiber posts surface during tribochemical treatment 
showed the most significant increase in the interfacial bonding to resin cement; nevertheless , 
Graiff et al. (Graiff et al., 2014) did not find any benefits of tribochemical coating in 
improving bonding to fiber posts . as with the debatable effect of sandblasting previously 
discussed, this difference in the influence of silica-modified Ab0 3 results may be attributed 
to disparate methodology. We blasted the post from a distance of l mm where Graiff and his 
coworker performed the tribochemical coating from 50 mm distance. The potential effect of 
blasting silica coated aluminum oxide particles comes from two mechanisms. The first is the 
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result of micromechanical roughening of the substrate surface by the striking action of 
accelerated particles. The second mechanism is by the formation of triboplasma, from the 
local heat generation, causing the welding of silica into the surface; hence the treated surface 
becomes enriched with silicon dioxide (SiO2). This increase in silica content following 
tribochemical coating was detected by our EDS analysis that showed indication of increased 
silica on the surface of Colet blasted posts when compared to untreated posts or sandblasted 
posts (Figures 13 and 14). Silane application is a mandatory step following silica coating 
because it will chemically bond the inorganic silica components of the post to the organic 
resin of the luting agent during the cementation process (Sahafi et al., 2015). 
The observed increase in mixed failure mode with larger interfacial bond strength 
values are an indication of the validity and reliability of the collected data. For instance, 
tribochemical coating of the fiber posts with subsequent silanization produced the best post-
cement interfacial bonding and more than 95% of the failure mode observed after testing was 
mixed failure. To the contrary, untreated groups showed the least interfacial bonding strength 
and more than 95% of the failure mode was adhesive. This increase in mixed failure mode 
with increased interfacial bonding could happen because the stronger the interfacial bond 
between two bonded materials, the greater the possibility that one or both of the joined 
materials will fail cohesively. Because we did not detect a cohesive failure in the posts in our 
study, this observation might indicate that cement will fail before a post gets damaged. This 
finding of missing cohesive failure in the fiber posts was also seen by Graiff et al. (Graiff et 
al., 2014) after pull-out tests of fiber posts conditioned by different methods. Thus, it might 
be an indication that our treatment protocols did not undermine the integrity of the fiber 
posts, and that the tested resin cements have a weaker shear stress than fiber post materials. 
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In this investigation we introduced the use of dimethyl sulfoxide liquid as a new 
surface treatment for fiber reinforced composite (FRC) posts before bonding to resin cements 
to augment the post-cement interfacial bond strength. Our results confirmed that dimethyl 
sulfoxide treatment is a valuable surface treatment protocol to enhance the bond strength 
between fiber posts and resin cement. It seems that the action of dimethyl sulfoxide on fiber 
posts comes from its high polarity and being a strong electron donor. Therefore, dimethyl 
sulfoxide is able to selectively remove polymeric resin from the post structure, providing 
more surface area of exposed fiber to interact with and bond to applied resin cement. 
Tribochemical coating was significantly better than other treatment protocols used in 
this investigation. Sandblasting and dimethyl sulfoxide groups were not different from one 
another and ranked in second place after tribochemical coating as an effective surface 
conditioning method to enhance interfacial bonding to fiber posts. However, the less 
destruction observed in the imaging analysis and the minor weight change detected after 
treatment with dimethyl sulfoxide might indicate that the treatment with dimethyl sulfoxide 
may produce the desirable effect of improving bonding to fiber posts with less damage to the 
post than sandblasting and tribochemical coating. 
Initially before any surface treatment, UniCore posts showed higher bond strength to 
resin cements than RelyX posts. We could explain this observed difference between the two 
posts by examining the surfaces of both untreated posts by SEM (Figures 11. lA and 2A). 
UniCore post surface analysis (Figure l 1. lA) revealed more surface grooves around the 
fibers, forming favorable irregularities for better interfacial bonding with cement. Moreover, 
many fibers were exposed and not covered by resin materials; hence, it seemed to be 
manufactured to be ready for interaction with applied cements. To the contrary, RelyX fiber 
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posts (Figure 11. 2A) showed the surface fibers to be more embedded in and covered by resin 
cement. 
When chemical treatments with silane, hydrogen peroxide, hydrofluoric acid or 
dimethyl sulfoxide were applied, RelyX posts demonstrated higher bond strength to resin 
cements than UniCore post. This observation of posts interactions with surface treatments 
might indicate that RelyX fiber posts are more susceptible to chemical surface treatment than 
UniCore post. Our SEM analysis (Figures 11 and 12) show that the chemical treatments with 
hydrogen peroxide, hydrofluoric acid, or dimethyl sulfoxide seem to be more effective on 
RelyX posts than UniCore posts in removing some surface components. Thus, subsequent 
cement application resulted in more interpenetration into the post surface. 
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CONCLUSIONS 
1. All post surface treatment protocols significantly enhanced the interfacial bond strength 
between fiber posts and resin cements. 
2. Post-cement interfacial bond strength following tribochemical coating was significantly 
higher than for all other treatments. 
3. The outcome of the untreated group was significantly lower than all treatment groups. 
4. Silanization of fiber posts significantly enhanced post-cement bond strength. 
5. Fiber posts treated with hydrogen peroxide or hydrofluoric acid displayed a significantly 
better interfacial bond strength to resin cements than untreated and silanized posts. 
6. Hydrogen peroxide and hydrofluoric acid treated groups were not different from one 
another. 
7. Dimethyl sulfoxide post-surface treatment produced significantly better bonding of fiber 
posts to resin cements than untreated and silane treated posts. 
8. Dimethyl sulfoxide group showed similar results to hydrogen peroxide and hydrofluoric 
acid treated groups. 
9. Sandblasting significantly improved post-cement bonding strength compared to silane, 
hydrogen peroxide , and hydrofluoric acid treatments. 
10. Sandblasted and dimethyl sulfoxide treated posts revealed statistically comparable 
results. 
11. Chemical treatments of the fiber posts with silane, hydrogen peroxide, hydrofluoric acid 
or dimethyl sulfoxide produced varying increase in bond strength to resin cement 
depending on the brand of fiber post. 
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12. The type of fiber post did not influence the effect of mechanical roughening of the 
surface of the fiber posts with sandblasting and tribochemical coating. 
13. The type of resin cement did not affect the post-cement bond strength after different 
surface treatments. 
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LIMITATIONS 
1. The normal use of posts in dentistry is inside the root canals of teeth. This study was not 
performed in extracted teeth.. Hence, to further understand the potential benefits of 
surface treatments of fiber posts discussed in this study in clinical setting, further testing 
of treated posts bonded to extracted teeth are required. 
2. We used only two types of fiber posts and two types of resin cements. Thus, we can't 
generalize the results of this investigation to all types of fiber posts and resin cements. 
3. We investigated the interfacial bond strength between fiber posts and resin cements under 
static loading . To better assess the adhesion between materials, the bonded surfaces 
require future evaluation under the influence of hydrolysis, thennocycling, and dynamic 
loading. 
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